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General Description 

The 1Gb DDR SDRAM is a high-speed CMOS, 
dynamic random-access memory containing 
1,073,741,824 bits. It is infernally configured as a quad- 
bank DRAM. 

The 1Gb DDE SDRAM uses a double data rate archi- 
tecture to achieve high-speed operation. The double 
data rate architecture is essentially a 2 n- prefetch 
architecture with an interface designed to transfer two 
data words per clock cycle at the I/O pins. A single read 
or write access for the 1Gb DDR SDRAM effectively 
consists of a single 2«-bit wide, one-dock-cycle data 
transfer at the internal DRAM core and two corre- 
sponding n-hit wide, one-half-clock-cycle data trans- 
fers at the I/O pins. 

A bidirectional data strobe (DQS) is transmitted 
externally, along with, data, for use in data capture at 
the receiver. DQS is a strobe transmitted by the DDR 
SDRAM during RFADs and by the memory controller 
during WRITES. DQS is edge-aligned with data for 
READs and center-aligned with data for WRITES. The 
x!6 offering has two data strobes, one for the lower 
byte and one for the upper byte. 

" The 1Gb DDR SDRAM operates from a differential 
clock (CK and CK#); the crossing of CK going HIGH 
and CK# going LOW will be referred to as the positive 
edge of CK, Commands (address and control signals) 
are registered at every posidve edge of CK. Input data 
is registered on both edges of DQS, and output data is 
referenced to both edges of DQS, as well as to both 
edges of CK. 



DOR SiMAfV? 



Read and write accesses to the DDR SDRAM are 
burst oriented; accesses start at a selected location and 
continue for a programmed number of locations in a 
programmed sequence. Accesses begin, with the regis- 
tration of an ACTIVE command, which is then fol- 
lowed by a READ or WRITE command. The address 
bits registered coincident with the ACTIVE command 
are used to select the bank and row to be accessed. The 
address bits registered coincident, with the READ or 
WRITE command are used to select the bank and the 
starting column location for the burst access. 

The DDR SDRAM provides for programmable READ 
or WRITE burst lengths of 2, 4, or 8 locations. An auto 
precharge function may be enabled to provide a self- 
timed row precharge that is initiated at the end of the 
burst access. 

As with standard SDR SDRAMs. the pipelined, 
muitibank architecture of DDR SDRAMs allows for 
concurrent operation, thereby providing high effective 
bandwidth by hiding row precharge and activation 
time. 

An auto refresh mode is provided, along with a 
power-saving power-down mode. All inputs are com- 
patible with, the JEDEC Standard for SSTL„2. All full 
drive option outputs are SSTL„2, Class II compatible. 

NOTE: L The functionality and the timing specifica- 
tions discussed in this data sheet are for the 
DLL-enabled mode of operation. 

2. Throughout the data sheet, the various fig- 
ures and text refer to DQs as "DQ." The DQ 
term is to be interpreted as any and all DQ 
collectively, unless specifically stated other- 
wise. Additionally, the xl6 is divided into 
two bytes, the lower byte and upper byte. 
For the lower byte (DQO through DO?) DM 
refers to LDM and DQS refers to LDQS. For 
the upper byte (DQ8 through DQ15) DM 
refers to UDM and DQS refers to UDQS. 

3. Complete functionality is described 
throughout the document and any page or 
diagram may have been simplified to con- 
vey a topic and may not be inclusive of all 
requirements. 

4. Any specific requirement takes precedence 
over a general statement. 
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Features 

• VDD = +2.5V ±0.2V; VDDQ - +2.5V ±0,2V 

• Bidirectional data strobe (DQS) transmitted/ 
received with data, i.e., source-synchronous data 
capture (xl6 has two - one per byte) 

» internal, pipelined double-data-rate (DDR) 
architecture; two data accesses per clock cycle 

• Differential clock inputs {CK and CK#) 

• Commands entered on each positive CK edge 

• DQS edge-aligned with data tor READs; center- 
aligned with data for WRITES 

• DLL to align DQ and DQS transitions with CK 

• Four internal banks for concurrent operation 

• Data mask (DM) for masking write data (xl6 has two 
-one per byte) 

• Programmable burst lengths: 2, 4, or 8 

• Auto Refresh and Self Refresh Modes 

• Longer lead TSOP for improved reliability (OCPL) 

• 2.5V I/O (SSTt_2 compatible) 

• Concurrent auto precharge option is supported 

• *RAS lockout supported ( S RAP = 'BCD) 

OPTIONS MARKING 

• Configuration 

256 Meg x 4 (64 Meg x 4 x 4 banks) 256M4 
128 Meg x 8 (32 Meg x 8 x 4 banks) 128M8 
64 Meg x 16 (16 Meg x i6 x 4 banks) 64M16 

• Plastic Package - OCPL 

66-pin TSOP(400 mil width, 0.65mm TG 
pin pitch) 

66-pin TSOP Lead - Free (400 mil width, P 
0,65mm pin pitch) 

• Timing -Cycle Time 

7.5ns @ CL = 2.5 (DDR266B) 1 • 2 -75 

• Temperature Rating 

Commercial Temperature None 
(0°C td +70°C) 
NOTE: i . Supports PC2100 modules with 2.5-3-3 timing 
2. Supports PC1600 modules with 2-2-2 timing. 
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Table 1: Pin Descriptions (Continued) 
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, . ,. 

2, 4, 5. 

7, 8, 10, 
11, 13, 54, 56, 
57, 59, 60, 82, 

65 


DQQ--DQ2 
DQ3-DQ5 
DQ6-OQ8 
DQ9-DQ1 1 
DQ12-D014 
DQ15 


I/O 


Data input/Output: Data bus for x16 


14, 25, 43, 53 


NC 




No Connect for x16 

These pirn, should be left unconnected. 


2, 5, 8, 
1 1 , 56, 59, 62, 
65 


DQ0-DQ2 
DQ3-DQ5 
OQ6. DQ7 


I/O 


Data Input/Output: Data bus for x8 


4,7,10,13,14, 
16, 20, 2.5, 43, 
53, 54, 57, 60, 
63, 


NC 


- 


No Connect for x8 

These pins should be left unconnected. 


5, 11,56, 


DQ0-DQ2 


I/O 


Data input/Output. Data nus for x4 


4 7 1Q 13 14 
16,' 20, 25,' 43," 
53, 54, 57, 60, 
63 


~~ 




No Connect for x4 

These pins should be left unconnected. 


2, 8, 59, 65 


NF 


- 


No Function for x4 

These pins should be left unconnected. 


DQS 
LDQS 
UDQS 


I/O 


Data Strobe: Output with read data, input with write data; DQS is edge- 
aligned with read data, centered in write data. It is used to capture data. 
For the x16, LDQS is DQS for DQ0-DQ7 and UDQS is DQS for DQ8-DQ15. 
Pin 16 (E7) is NC on x4 and x8. 


: 19.50 


DNU 




Do Not Use: Must float to minimize noise on Vrf.f. 


3. 9, 15, 55, 61 


VddQ 


Supply 


DQ Power Suppiy: -2.5V ±0.2V. Isolated on the die for improved noise 
immunity. 


6, 12,52, 58, 64 


VssQ 


Supply 


DQ Ground, isolated on the die for improved nosse immunity. 




Voo 


Supply 


Power Suppiy: +2.5V ±0.2V. 


34, 48, 66 


Vss 


Supply 


Ground. 


49 


Vref 


Supply 


SSTL .2 reference voltage. 
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Table 1: Pin Descriptions 



TSOP 


I 

MmsoL ) 1YP6 


wmmmm 


45, 46 


CK ; CK# | input 


Clock: CK and CK# are different:-::! ck.-ck mpusv -'us ..;»! -out-ot 
input signals are sa-^j. ed ? s « 
negative edge of CK# Output dats (DQ s ' ed to the 
crossings of CK and CK#. 


44 


CKE 


Input 


Clock Enable - s- E LOW ckott . ' < rnal 
dock, input buffers and cutout drivers. Taking CKE LOW provides 
PRECHARGE POWER P M and RESH c-i (all 
or ACTIVE POWER-DOWN (row ACTIVE In any bank) CKE =s synchronous for 
POWER-DOWN entry and exit and for SE R S entry CKE is 
is\ nous i \ °^ ! s d i 
must be maintained HIGH throughout read and write accesses. Input 
buffers (excluding CK CK# a \o 1 *>~e disabled d WER iOWN 
input buffers (excluding CKE) are disabled during SELF REFRESH. CKE is an 
SSTL.2 input but wiJI detect an LVCMOS LOW level after Voo is applied 
and until CKE is first brouqht HiGH, after which it becomes a SSTL 2 input 
only, 


24 


cs# 


input 


,}| i Id d soM. U! i ! 

the comma iC ^ sr. Ail commas ~>-v. , ^!v i 
HIGH. OS** provides for externa! bank selection on systems with multiple 
banks. CS# is considered part of the command code. 


23, 22, 
21 


RAS#, CAS#, 
WE# 


input 


Command inputs: RAS#, CAS#. and ' i\ - ; (along with CS#) define the 
command being entered. 


47 
20, 47 


DM 
LDM, UDM 


input 


Input Data Mask; D!V • i| jt Jata is 
masked wht.r DM i; pied - with that i t data ng 
WRITE access, DM is sampled on both edges of DQS, Although DM pins are 
input oi h the C M loading is designed to m atch that >i I Q md DQS pin 
For the x16, LDM is DM for DQ0-DQ7 and UDM is DM for DQ8-DQ15. Pin 
20 is a NC on x4 and x8. 




input 


)nMdr\ i i,' ""i Ji i >, > . < < 1 
WRITE, or PRECHARGE con > < s • spp ed 






input 


Address inputs: Provide the row address for ACTIVE commands, and the 
column address and auto precharge bit (A10) for READ/WRITE commands, 
to select one location out of the memory array in the respective bank. A10 

ipled during a PRECHAR* n ietern whetht 
PRECHARGE applies to one bank (A10 LOW, bank selected by BAG, BA1 ) or 

| r r« e address m\ > provide the op } 
MO >E REGISTER SET coey n tnd BAG it ch mode i gister 
(mode register or extended mode register) is loaded during the LOAD 
MODE REGISTER command. 



Figure 10: READ Command 
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READs 

READ bursts are initiated with a READ command, as 
shown in Figure 10 on page 20. 

The starting coiumn and bank addresses are pro- 
vided with the READ command and auto precharge is 
either enabled or disabled for that burst access, if auto 
precharge is enabled, the row being accessed is pre- 
charged at the completion of the burst, 
NOTE: For the READ commands used in the follow- 
ing illustrations, auto precharge is disabled. 

During READ bursts, the valid data-out element 
from the starting column address will be available fol- 
lowing the CAS latency after the READ command. 
Each subsequent data-out element will be valid nomi- 
nally at the next positive or negative clock edge (i.e., at 
the next crossing of CK and CKff). Figure II on page 21 
shows general timing for each possible CAS latency 
setting. DQS is driven by the DDR SDRAM along with 
output data. The initial LOW state on DQS is known as 
the read preamble; the LOW state coincident with the 
last data-out element is known as the read postamble. 

Upon completion of a burst, assuming no other 
commands have been initiated, the DQs will go High 
Z. A detailed explanation of »QS< » 
skew), l QH (data-out window hold), the valid data win- 
dow are depicted in Figure 38 on page 60 and Figure 39 
on page 61. A detailed explanation of 'DQSCK (DQS 
transition skew to CK) and f AC (data-out transition 
skew to CK) is depicted in Figure 40 on page 62. 

Data from any READ burst may be concatenated 
with or truncated with data from a subsequent READ 
command. In either case, a continuous flow of data 
can be maintained. The first data element from the 
new burst follows either the last element of a com- 
pleted burst or the last desired data element of a longer 
burst which is being truncated. The new READ com- 
mand should be issued x cycles after the first READ 
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command, where x equals the number of desired data 
element pairs (pairs are required by the 2n-prefetch 
architecture). This is shown in Figure 12 on page 22. A 
READ command can be initiated on any clock cycle 
following apre'v ions RE/ 1 D command. Nonconsecutive 
read data is shown for illustration in Figure 13 on 
page 23, Full-speed random read accesses within a 
page (or pages) can be performed as shown in 
Figure 14 on page 24, 

Data from any READ burst may be truncated with a 
BURST TERM v\T; command, as shown in Figure L5 
on page 25. The BURST TERMINATE latency is equal 
to the read (CAS) latency i.e., the BURST TERMINATE 
command should be issued x cycles after the READ 
command, where x equals the number of desired data 
element pairs (pans are required by the 2n-prefetch 
architecture). 

Data from any READ burst must be completed or 
truncated before a subsequent WRITE command can 
be issued. If truncation is necessary, the BURST TER- 
MINATE command must be used, as shown in 
Figure 16 on page 26. The ! DQSS (NOM) case is shown; 
the f DQSS (MAX) case has a longer bus idle time. 
( l DQSS [MIN] and l DQSS [MAX] are defined in die sec- 
tion on WRITES.) 

A READ burst may be followed by, or truncated with, 
a PRECHARGE command to the same bank provided 
that auto precharge was not activated. The PRE- 
CHARGE command should be issued x cycles after the 
READ command, where x equals the number of 
desired data element pairs (pairs are required by the 
2n-prefetch architecture). This is shown in Figure 17 
on page 27. Following the PRECHARGE command, a 
subsequent command to the same bank cannot be 
issued until both l RAS and l RP has been met. Note that 
part of the row precharge time is hidden during the 
access of the last data elements. 
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Operations 

Bank/Row Activation 

Before any READ or WRITE commands can be 
issued to a bank within the DDR SDRAM, a row in that 
bank must be "opened." This is accomplished via the 
ACTIVE command, which selects both the bank and 
the row to be activated, as shown in Figure 8. 

After a row is opened with an ACTIVE command, a 
READ or WRITE command may be issued to that row, 
subject to the l RCD specification. l RCD (MINT) should 
be divided by the clock period and rounded up to the 
next whole number to determine the earliest, clock 
edge after the ACTIVE command on which a READ or 
WRITE command can be entered. For example, a ! RCD 
specification of 20ns with a 133 MHz clock {7,5ns 
period) results in 2.7 clocks rounded to 3. This is 
reflected in figure 9, winch covers any case where 2 < 
'RCD (MINI/'CK < 3. (Figure 9 also shows the same 
case for l RCD; the same procedure is used to convert 
other specification limits from time units to clock 
cycles). 

A subsequent ACTIVE command to a different row 
in the same bank can only be issued after the previous 
active row has been "closed" (precharged). The mini- 
mum time interval between successive ACTIVE com- 
mands to the same bank is defined by l RC. 

A subsequent ACTIVE command to another bank 
can be issued while the first bank is being accessed, 
which results in a reduction of total row-access over- 
head. The minimum time interval between successive 
ACTIVE commands to different banks is defined bv 
l RRD. 
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Figure 8: Activating a Specific Row in a 
Specific Bank 
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Figure 9: Example: Meeting l RCD (*RRD) MIN When 2 < *RCD (*RRD) mmPCK^Z 
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for each burst type in the Operation section of this 
data sheet. The user must not issue another command 
to the same bank until the precharge time (*RP) is 
completed. 

BURST TERMINATE 

The BURST TERMINATE command is used to trun- 
cate read bursts (with auto precharge disabled). The 
most recently registered READ command prior to the 
BURST TERMINATE command will be truncated, as 
shown in the Operation section of this data sheet. The 
open page which the READ burst was terminated from 
remains open. 

AUTO REFRESH 

AUTO REFRESH is used during normal operation of 
the DDR SDRAM and is analogous to GAS// -BEFORE - 
RAS# (CBR) refresh in FPM/EDO DRAMs. This com- 
mand is nonpersistent, so it must be issued each time 
a refresh is required. All banks must be idle before an 
AUTO REFRESH command is issued. 

The addressing is generated by the internal refresh 
controller, This makes the address bits a "Don't Care" 
during an AUTO REFRESH command. The 1Gb DDR 
SDRAM requires AUTO REFRESH cycles at an average 
interval of 7.8125ps (maximum). 

To allow for improved efficiency in scheduling and 
switching between tasks, some flexibility in the abso- 
lute refresh interval is provided. A maximum of eight 
AUTO REFRESH commands can be posted to any 
given DDR SDRAM, meaning that the maximum abso- 
lute interval between any AUTO REFRESH command 
and the next AUTO REFRESH command is 9 x 7,8125us 
(70.3j.is). Note the JEDEC specifications only allows 8 x 
7.8l25us, thus the Micron specification exceeds the 
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JEDEC requirement by one clock. This maximum 
absolute interval is to allow future support for DLL 
updates internal to the DDR SDRAM to be restricted to 
AUTO REFRESH cycles, without allowing excessive 
drift in 'AC between updates. 

Although not a JEDEC requirement, to provide for 
future functionality features, CKE must be active 
(High) during the AUTO REFRESH period. The AUTO 
REFRESH period begins when the AUTO REFRESH 
command is registered and ends 'RFC later. 

SELF REFRESH , 

The SELF REFRESH command can be used to retain 
data lit die DDR SDRAM, even if the rest of the system 
is powered down. When in the self refresh mode, the 
DDR SDRAM retains data without external clocking. 
The SELF REFRESH command is initiated like an 
AUTO REFRESH command except CKE is disabled 
(LOW ). The DLL is automatically disabled upon enter- 
ing SELF REFRESH and is automatically enabled upon 
exiting SELF REFRESH {A DLL reset and 200 clock 
cycles must then occur before a READ command can 
be issued), input signals except CKE are "Don't Care" 
during SELF REFRESH. VREF voltage is also required 
for the SELF REFRESH full duration. 

The procedure for exiting self refresh requires a 
sequence of commands. First, CK and CK# must be 
stable prior to CKE going back HIGH. Once CKE is ; 
HIGH, the DDR SDRAM must have NOP commands 
issued for 'XSNR because time is required for the com- 
pletion of any internal refresh in progress. A simple 
algorithm for meeting both refresh and DLL require- 
ments is to apply NOPs for 'XSNR time, then a DLL 
Reset and NOPs for 200 additional clock cycles before 
applying any other command. 
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DESELECT 

The DESELECT function (CS* HIGH) prevents new 
commands from being executed by the DDR SDRAM. 
The DDR SDRAM is effectively deselected. Operations 
already in progress are not affected. 

NO OPERATION (NOP) 

The NO OPERATION (NOP) command is used to 
instruct the selected DDR SDRAM to perform a NOP 
(CS# is LOW with RAS#, CAS#, and WE# equal HIGH). 
This prevents unwanted commands from being regis- 
tered during idle or wait states. Operations already in 
progress are not affected. 

LOAD MODE REGISTER 

The mode registers are loaded via inputs AO -A 13. 
See mode register descriptions in the Register Defini- 
tion section. The LOAD MODE REGISTER command 
can only be issued when all banks are idle, and a sub- 
sequent executable command cannot be issued until 
t MRD is met. 

ACTIVE 

The ACTIVE command is used to open (or activate) 
a row in a particular bank for a subsequent access. The 
value on the BAO, BA1 inputs selects the bank, and the 
address provided on inputs A0-A13 selects the row, 
This row remains active (or open) for accesses until a 
precharge command is issued to that bank. A pre- 
charge command must be issued before opening a dif- 
ferent row in the same bank. 

READ 

The READ command is used to initiate a burst read 
access to an active row. The value on the RAO, BAI 
inputs selects the bank, and the address provided on 
inputs AO-Ai (where i = 9 for xI6; 9, 1 1 for x8; or 9, 11, 
12 for x4) selects the starting column location. The 
value on input A10 determines whether or not auto 
precharge is used. If auto precharge is selected, the row 
being accessed will be precharged at the end of the 
READ burst; if auto precharge is not selected, the row 
will remain open for subsequent accesses. 

WRITE 

The WRITE command is used to initiate a burst 
write access to an active row. The value on the BAO, 
BAI inputs selects the bank, and the address provided 
on inputs AO-Ai (where i = 9 for xl6; 9, 11 for x8; or 9, 
11, 12 for x4) selects the starting column location. The 
value on input A10 determines whether or not auto 



precharge is used. If auto precharge is selected, the row 
being accessed will, be precharged at the end of the 
WRITE burst; if auto precharge is not selected, the row 
will remain open for subsequent accesses. Input data 
appearing on trie DQ is written to the memory array 
subject to the DM input logic level appearing coinci- 
dent with the data. If a given DM signal is registered 
LOW, the corresponding data will be written to mem- 
ory; if the DM signal is registered HIGH, the corre- 
sponding data inputs will be ignored, and a WRITE will 
not be executed to that byte/column location. 

PRECHARGE 

The PRECHARGE command is used to deactivate 
the open row in a particular bank or the open row in all 
banks. The bank(s) will be available for a subsequent 
row access a specified time (}W) after the precharge 
command is issued. Except in the case of concurrent 
auto precharge, where a READ or WRITE command to 
a different bank is allowed as long as it does not inter- 
rupt the data transfer in the current bank and does not 
violate any other timing parameters. Input A10 deter- 
mines whether one or all banks are to be precharged, 
and in the case where only one bank is to be pre- 
charged, inputs BAO, BAI select the bank. Otherwise 
BAO, BAI are treated as "Don't Care." Once a bank has 
been precharged, it is In die idle state and must be 
activated prior to any READ or WRITE commands 
being issued to that bank. A PRECHARGE command 
will be treated as a NOP if there is no open row in that 
bank {Idle state), or if the previously open row is 
already in the process of precharging. 

Auto Precharge 

Auto precharge is a feature which performs the 
same individual -bank precharge function described 
above, but without requiring an explicit command. 
This is accomplished by using A10 to enable auto pre- 
charge in conjunction with a specific READ or WRITE 
command. A precharge of the bank/row that is 
addressed with the READ or WRITE command is auto- 
matically performed upon completion of the READ or 
WRITE burst . Auto precharge is nonpersistent in that it 
is either enabled or disabled for each individual Read 
or Write command. This device supports concurrent 
auto precharge if the command to the other bank does 
not interrupt the data transfer to the current bank. 

< ge en 5 < _> < i i i 
ated at the earlier s?alid stage within ib irsf fhis 'em 
iiest valid stage" is determined as if an explicit 
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Commands 

Table 4 and Table 5 provide a quick reference of Tables. Table? on page 41, and Tables on page 43, 
available commands. This is followed by a verbal appear following the Operation section, provide cur- 
description of each command. Two additional Truth rent state/ next state information. 



Table 4: Truth TaWe - Commands 

Note 1 applies to all commands 





cs# 


mm 






mm 


NOTES 


ESS SCI NC , P: 


H 


X 


X 


f 


X 


9 


NO OPERATION (NOP) 


L 


H 


H 




X 




ACTIVE (Select bank and activate row) 


L 


L 


H 


H 


Bank/Row 


3 


READ (Select bank and column, and start READ burst) 


L 


H 


L 


H 


Bank/Col 


4 


WRITE {Select bank and column, and start WRITE burst) 


L 


H 


L 


L 


Bank/Coi 


4 


BURST TERMINATE 


I 


H 


H 


L 


X 


8 


f ' ivat e row in bank or banks) 


t. 


1. 


H 


L 


Code 




AUTO REFRESH or SELF REFRESH 
{Enter self refresh mode) 


L 


L 


L 


H 


X 


6, 7 


0*r. MODE REGISTER 


L 


L 


L 


L 


Op-Code 


2 



NOTE: 

1 . CKE is HIG H for alt commands shown except SELF REFRESH. 

2. BA0-BA1 select either the mode register or the extended mode register (BAO * 0, BA j = 0 select the mode register; 

BAO = 1 , BAT = 0 select extended mode register; other combinations of BAO-BAt are reserved). A0-A1 3 provide the op-code to 



be written to the selected mode register. 

3. BAO-BAt provide bank address and A0-A13 provide row address. 

4. BAG-BA1 provide bank address; AO-Ai provide column address, {where h*9 for x1 6, <«9, 1 1 for x& and 1 , 1 2 for x4) A10 HIGH 
enables the auto precharge feature (rton persistent), and A10 LOW disables the auto precharge feature. 

5. A10 LOW: BA0-BA1 determine which bank is precharged. 

A10 HIGH: ail banks are precharged and BA0-BA1 are "Don't Care." 

6. This command is AUTO REFRESH if CKE is HIGH, SELF REFRESH if CKE is LOW. 

7. internal refresh counter controls row addressing; for within the Self Refresh mode all inputs and l/Os are "Don't Care" except 
for CKE. 

8. Applies only to read bursts with auto precharge disabled; this command is undefined (and should not be used) tor read bursts 
with auto precharge enabled and lor write bursts. 

9. DESELECT and NOP are functionally interchangeable. s I f \ 1 



Table 5: Truth Table - DM Operation 

Note 1 applies to all commands 



f$&M£ (FUNCTION) 


DM 


DQ 


Write Enable 




Valid 


Write inhibit 


H 


X 



NOTE: """"" 
1 . Used to mask write data; provided coincident with the corresponding data. 
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Extended Mode Register 

The extended mode register controls functions 
beyond those controlled by the mode register; these 
additional functions are DLL enable/disable, and out- 
put drive strength. These functions are controlled via 
the bits shown in Figure 7, The extended mode register 
is programmed via the LOAD MODE REGISTER com- 
mand to the mode register (with BAG - 1 and BA1 = 0) 
and will retain the stored information until it is pro- 
grammed again or the device loses power. The 
enabling of the DLL should always be followed by a 
LOAD MODE REGISTER command to the mode regis - 
ter (BA0/BA1 both LOW) to reset the DLL. 

The extended mode register must be loaded when 
all banks are idle and no bursts are in progress, and the 
controller must wait the specified time before initiat- 
ing any subsequent operation. Violating either of these 
requirements could result in unspecified operation. 

Output Drive Strength 

The normal drive strength for all outputs are speci- 
fied to be SSTL„2, Class II. The x.16 supports a pro* 
grammable option for reduced drive. This option is 
intended for the support of the lighter load and /or 
point-to-point environments. The selection of the 
reduced drive strength will alter the DQ pins and DQS 
pins from SSTLJ2, Class 11 drive strength to a reduced 
drive strength, which is approximately 54 percent of 
the .SSTLL2, Class If drive strength. 

DLL Enable/Disable 

When the part is running without the DLL enabled, 
device functionality may be altered. The DLL must be 
enabled for normal operation. DLL enable is required 



during power-up initialization and upon returning to 
normal operation after having disabled the DLL for the 
purpose of debug or evaluation. (When the device 
exits self refresh mode, the DLL is enabled automati- 
cally.) Any time the DLL is enabled, 200 clock cycles 
must occur before a READ command can be issued. 

Figure 7: Extended Mode Register 
Definition 
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1. Ei5 and E14 (BAl and MO) must be "0, 1" to 
select the Extended Mode Register vs. the base 
Mode Register. 

2. The reduced drive strength option is not sup- 
ported on the X4 and x8 versions, and is only 
available on the x 16 version. 

3. The QFC# option is not supported. 



Table 2: Burst Definition 
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i - MA 











AO 


"" ' " 
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01 


0-1 






1-0 


1-0 
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A1 AO 








0 0 


0-1-2-3 


0-1-2 3 




g 1 


1-2-3-0 


1-0-3-2 




1 0 


2-3-0-1 


2-3-0-1 




1 1 


3-0-1-2 


3-2-1-0 


8 


A2 A1 AO 








0 0 0 


0-1-2-3-4-5-8-7 


0-1-2-3-4-5-6-7 




0 0 1 


1-2-3-4-5-670 


■1-0-3-2-5-4-7-6 




0 • 0 


2-;>.4 5 6 '•■■>! 


A-3-0-1-6-7-4 -5 




0 ! 1 


3-4 5-6-7-0- i- 2 


3-2-1-0-7-6-5-4 




■ 0 0 


4-5-6-7-0-1-2-3 


4-5-6-7-0-1-2-3 




1 0 1 


5-6-7-0-1-2-3-4 


5.-4-7-6-1-0-3-2 




1 1 0 


6-7-0-1-2-3-4-5 


S-7-*-5-2-3-0-l 




11 1 


7-0- 1-2-3-4-5-6 


7-6-5-4-3-2-1-0 



NOTE: 1. Whenever a boundary of the block is reached 
within a given sequence above, the following 
access wraps within the block. 

2. For a burst length of two. M-Ai select the two- 
data-element block; AO selects the first access 
within the block. 

3. For a burst length of four, A2-Ai select the four- 
data-element block; A0-A1 select the first access 
within the block. 

4. For a burst length of eight, A3-A/ select the eight - 
data-element block; A0-A2 select the first access 
within the block. 

Read Latency 

The READ latency is the delay, in clock cycles, 
between the registration of a READ command and the 
availability of the first bit of output data. The latency 
can be set to 2, or 2.5 clocks, as shown in Figure 6. 

If a READ command is registered at clock edge n, 
and the latency is m clocks, the data will be available 
nominally coincident with clock edge n + tn. Table 3 
indicates the operating frequencies at which each CAS 
latency setting can be used. 

Reserved states should not be used, as unknown 
operation or incompatibility with future versions may 
result. 
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Figure 6: CAS Latency 
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Table 3; CAS Latency (CL) 



ALLOWA8U #*M 



-75 



mm 



75 ^ f s 100 



75^f s; 



133 



Operating Mode 

The normal operating mode is selected by issuing a 
MODE REGISTER SET command with bits A7-A13 
each set to zero, and bits A0-A6 set to the desired val- 
ues. A DLL reset is initiated by issuing a MODE REGIS- 
TER SET command with bits A7 and A9-A13 each set to 
zero, bit A8 set to one. and bits A0-A6 set to the desired 
values. Although not required by the Micron device, 
JEDEC specifications recommend when a LOAD 
MODE REGISTER command is issued to reset the DLL, 
it should always be followed by a LOAD MODE REGIS- 
TER command to select normal operating mode. 

Ail other combinations of values for A7-A13 are 
reserved for future use and /or test modes. Test modes 
and reserved states should not be used, as unknown 
operation or incompatibility with future versions may 
result. 
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Burst Length 

Read and write accesses to the DDK SDRAM are 
burst oriented, with the burst length being program- 
mable, as shown in Figure 5. The burst length deter- 
mines the maximum number of column locations that 
can be accessed for a given READ or WRITE command. 
Burst lengths of 2, 4, or 8 locations are available for 
both the sequential and the interleaved burst types. 

Reserved states should not be used, as unknown 
operation or incompatibility with future versions may 
result. 

When a READ or WRITE command is issued, a block 
of columns equal to the burst length is effectively 
selected. All accesses for that burst take place within 
this block, meaning that the burst will wrap within the 
block, if a boundary is reached. The block is uniquely 
selected by Al-A/ when the burst length is set to two, 
by A2-Aiwhen the burst length is set to four and by A3- 
Al when the burst length is set to eight (where Ai is the 
most significant column address bit for a given config- 
uration). The remaining (least significant) address 
bit(s) is (are) used to select the starting location within 
the block The programmed burst length applies to 
both READ and WRITE bursts. 

Burst Type 

Accesses within a given burst may be programmed 
to be either sequential or interleaved; this is referred to 
as the burst type and is selected via bit M3, 

The ordering of accesses within a burst is deter- 
mined by the burst length, the burst type and the start- 
ing column address, as shown in Table 2, Burst 
Definition, on page 13. 



Figure 5; Mode Register Definition 
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Fynetlooai Description 

The 1Gb DDR SDRAM is a high-speed CMOS, 
dynamic random-access memory containing 
1,073,741,824 bits. The 1Gb DDR SDRAM is internally 
c on! jured as a ma i bard ' SAM 

The 1Gb DDR SDRAM uses a double data rate archi- 
tecture to achi« ■ b ;h t ■ xperation, The double 
data rate architecture is essentially a 2«-prefetch 
ture, with terra igned to trai < 
data words per clock cycle at the I/O pins. A single read 
hi vvuV <u u < . * DRAM consists of a 

single 2#-bit wide, one-clock-cycle data transfer at the 
internal DRAM core and two corresponding //-bit 
wide, one-haSf-clock-eycle data transfers at the I/O 
pins. 

Read and write accesses to the DDR SDRAM are 
t oriente iccesses as s ected location ai 
continue for a programmed number of locations in a 
programmed sequence. Accesses begin vitb the regis- 
tration of an ACTIVE command, which is then fol- 
lowed by a READ or WRITE command. The address 
if-., , ! ri f'iVE comma 

are used to select die bank and row to be accessed 
(BAO, BA1 select the bank; A0-A13 select the row). The 
dd * > \ ciden is 3 

WRI immand are u xe sta 

umn location for the burst access. 

Prior to normal operation, the DDR SDRAM must 
be initialized. The following sections provide detailed 
sfo et < < e i> ' ter de! 

inition, command descriptions, and device operation. 

Initialization 

DDR SDRAMs must be powered up and inibalized 
in a predefined manner. Operational procedures other 
than those specified may result in undefined opera- 
tion. Power must first be applied to Vdd and VddQ 
simultaneously, and then to VREF (and to the system 
Vrr). Vtt must be applied after VddQ to avoid device 
latch-up, which may cause permanent damage to the 
device. VREF can be applied any time after VddQ but is 
expected to be nominally coincident with Vrr. Except 
for CKE, inputs are not recognized as valid until after 
VREF is applied. CKE is an SSTL2 input but will detect 
an LVCMOS LOW level after Vdd is applied. After CKE 
passes through Vih, it will transition to a SSTL 2 signal 
and remain as such until power is cycled. Maintaining 
an LVCMOS LOW level on CKE during power-up is 
required to ensure that the DQ and DQS outputs will 
be in the High-Z state, where they will remain until 
driven in normal operation (by a read access). After all 



power supply and refei < t a f < t - 1 

s ib the DDR SDRA i 
delay prior to applying an executable command. 

Once the 200ps delay has been satisfied, a DESE- 
LECT or NOP command should be applied, and CKE 
ught HIGH, Folk ig ti NOP < i 
mand, a PRECHARGF. ALL command should be 
applied Next a 1 REG1STFJ 
si < 1 issi < ! 1 d i gister (1 

LOW and BAO HIGH) to enable die DLL, followed by 
another LOA I U command to the 

mode register (BAD/BA1 both LOW) to reset the DLL 
and to program the operating parameteis. Two- hun- 
dred clock cycles are required between the DLL reset 
and any READ command. A PRECHARGE ALL com- 
• uv si uk thenbi a] D -d she device in the 

all banks idle state. 

Once in the idle stare, wo AUTO REFRESH cycles 
rn tsl be perfoi ned ( RFC musi be satisfied ) Addiua n 

L * >MOD REGISTER command 
register with the reset DLL bit deactivated (i.e.. to pro- 

ram operating para art I 

is required. Following these requirements, the DDR 
SDRAM is ready for normal operation. 

Register Definition 

Mode Register 

The mode register is used to define the specific 
of operatioj the DDR SI 1 i 

h clad s i\u se e< ti <- 1 but t length bu type, a 
CAS latency and an operating mode, as shown in 
Figure 5 on page 12. The mode register is programmed 
via th f 10 )1 R! GiSTi R >! r comma y wi i B . 0| 
and BA1 = 0) and will retain the stored mformation|f| 
until it is programmed again or the device loses power ' * 
(except for b \ dried is ' tearing) 

Repi >gra i > gists will not aster the 

contents of die m i «ovidt rmed cor- 

rectly. The mode register must be loaded (reloaded) 
when all banks are idle and no bursts axe in progress, 
and the controller must wait the specified time before 
initiating the subsequent operation. Violating either of 
these requirements will result in unspecified opera- 
tion. 

Mode register bits A0-A2 specify the burst length, A3 
specifies the type of burst (sequential or interleaved), 
A4-A6 specify the CAS latency, and A7-A13 specify the 
operating mode. 



